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@ optical meaaurtng apparatus. 

® An optical measuring device particularly for smoke or 
gas density measurements projects a beam of light through 
a region (22) to a retro-reflector (12) from wWch a portion 
of the light Is retunned via a beam dividing mirror (24) to 
measuring apparatus (23). A uniform beam of light is 
achieved in the region (22) by means of a special honey- 
comb lens condensor system (18, 19. 20). In the honeys 
comb lens condensor system a first lens (18) renders light 
received from a filament (14) into a parallel light beam 
^ which impinges on a first honeycomb tens (19a) which 
^ consists of an array of Individual lenses (19*). The Individ- 
ual lenses (19*) of the first honeycomb lens (19a) form indl- 
^ vidual Images of the filament (14) at the individual lenses 
w (19b) of a second honeycomb lens spaced by a distance A 
W from the first honeycomb lens. A field lens (20) cooperates 
U) with the second honeycomb lens (19b) to superimpose all 
the Images so as to uniformly Illuminate an aperture (16). 
01 A microobjective (16) then cooperates with a front lens 
01 (13) to form the Image of the aperture (16) at infinity. The 
Q first and second honeycomb lenses (19a, 19b) can be 
formed on opposite sides of a l>lock transparent material 
Q and are preferably of hexagonal form. 
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The present invention relates to optical measuring apparatus 
and has particular reference to an arrangei^ent in which 
a pcrir>menc:!nt light beam is projected towards a ret ro-refl fac- 
tor by a front objective, in which the image of a light 
source is formed^ and which cooperates in turn with a 
microobjecti ve to project iir.age of a uniformly illumin- 
ated aperture at infinity. 

Optical measuring apparatus of this kind is particularly 
useful for measuring the concentration of sulfur dioxide 
and also for measuring sjooke densities. For this purpose 
is already known to use Kohler illumination to uniformly 
illuminate the ret ro-ref leci or with a beam having a greater 
cross-sectional area than the retro -reflector so that the 
beam extends beyond all the sides of the retro-reflector. This 
avoids change of the measuring signal due to vibration 
induced relative movements between the retro-reflector and 
the light beam. Despite this arrangemert the known optical 
measuring apparatus is still sensitive to adjustment 
tolerances at right angles to the optical axis of the 
lujninous filament of the light source that is used. 

The principal object underlying the invention is thus to 
provide optical measuring apparatus of the above generally 
described kind which is extremely insensitive to adjustment 
tolerances of the filament of the light source that, is 
used, in particular in directions at right angles to the 
optical axis^ and which also ensures a particularly uniform 
illumination of the retro-reflector. 

In accordance with the present invention the above object 
is satisfied by optical measuring apparatus having a 
measurement light beam, a retro-ref lector , a front objective 
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jn which the image of a light source is forjiied and which 
in iurn, together with a jnicroobject ive, iiruiges a \)niforinly 
i 3 ] uifiinril ed aperii3xe at infinity and vliejcin J^aid aperture 
is i ] 1 v."rj n.il od by a )jonoycr;jiib 3cmis cono.-nsor systcin whif^h 
ijicluo.-s a cono»-n:^ox" li-j;s for i <rri(l»o i jig p.-,ralli^l t lie 
]i*:/jt if-c^-ivi-d frojn t]je 11g}>t i^o\ji re ^Uid a first }jt»nt-y- 
ct^'.ib 1< ;;s oir.:n*jf-d after i-aid condonsor If-ns which, 1 o- 
'jc-thi-r i iR-rowi 1 h^ pj ojc-ct s 1 i«j/)t so\)i ce irr^oos inio the 
i3jdivid\;al Jon'^rs of a .sc-cond honeycojib Ions which is 
constructed to be of the saj:ie size as said first }-ior,ey- 
cc'i.ib 3cns, which lenders parallel the 3 ight leaving points 
of said first honeycoinb 3r-ns and which directs this 3'ig}jt 
onto a field lens which, together with the individual 
lenses of said second honeycomb Jens in.ages the apert Vires 
of the individual lenses of said first honeycojnb 3ens in 
said first mentioned c-aperture. 

The device is preferably so constructed that the two honeycoinb 
3enscs are formed on a single honeycomb bloc)c having a depth 
such that the light source images are formed at the individual 
lenses of the second honeycomb lens. 

As a result of this construction an extremely high degree 
of uniformity of illumination is achieved at that aperture 
of the measuring device which requires to be uniformly 
illuminated. This takes p3ace because the radiation 
characteristic (indicatrix) of the filament is distributed 
over a large number of individual honeycomb lenses. 

In this connection is should be mentioned that a honeycomb 
condensor is indeed already 3cnown which serves to improve 
the illumination of an aperture {cf. G. Schroder, Technische 
Optik, Vogel-Verlag, 2nd edition, 1977, page 116) however 
in this case two honeycomb lenses of different sizes are 
required and the illximination of the aperture ta3?es place 
via the individual lenses of the second honeycomb lens. 
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Jn contrrist 1 lie fir r .^noompnt in acconlrance wiih i )ie invr-niion 
cGos two honuyconb lenses vhich are of the s^me size, .ir)d 
which are indeed preferably Ku=inuf act ored in one piece^and 
a field lens is inserted after ihe r-econd l^oneycoinb Ions 
in o>0(vr io fojn all llie ii;.-*iOi>s of Hie ..-n./j i m I'S of IIjc 
iiidi vi f:i:al If-iisfS of Ihe f i j st IjOMcV i.'t'^^'b l'*ns .^t ihe 
i^i'-jr-e posit iC'n, n.'^ji* -ly at_ Ihe a foi e -r-:J»t i on^d >.-'i t ni e . 
It is only as a ict-'ij]t of i]i»:r^e ii. ^c:l-\u *.*s Ihnt .^n cyi t *'iU^'\y 
j'ioh (3'.-'3iee of \}ni foiir.i ty of Ihe ] iolit lM:r:in 5n DiC aw.-i 1 'oi e 
is .:fchi c-v.:-d i.e, that Ihe apf-rlure is fiDlr-d by a li-jht 
bccid of uniform i 1 1 ujni na l.i on which tht-n acts q\^:^si as 
a secondary 1 ioht source for the oeneration of tlie acti:al 
jncasureiTient 1 iglit beam. 

Other objects ^md aijTts of the invention will become clc.:>r 
from the following description and claims and it will be 
particularly noted that the invention is not necessarily 
restricted to optical density measuring apparatus but 
can indeed be used for other purposes in which it is 
desirable to form a uniform light beam for measuring 
and diagnostic purposes. 

The invention will now be described in detail by way of 
e^cample only and with reference to the accompanying drawing 
the single figure of which shows in schematic illustration 
the beam path of optical measuring apparatus in accordance 
with the invention. 

As shown in the drawing a first condensor lens 18 is 
arranged in front of the filament 14 of a light source in the 
of a lamp. The first condensor lens 18 renders parallel 
the light leaving the luminous filament 14 and 
directs it to a first honeycomb lens arrangement 19a which 
preferably consists of hexagonal individual lenses 19* 
arranged together in a sur f ace-lil^e formation. The honey- 
comb lens arrangement 19a is united with a second honey- 
comb lens arrangement 19b^ spaced from the first at a 
distance A, to form a unitary component 19. The optical 
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<3t3ta of Ihe first and second honeycomb 3 ens arranyemonts 
are so chosen that the parallel light beams entering the 
in.3ividual lenses 19' of the lirst honeycomb lens arrange- 
J!. /.t 15a aie focurjsed at the location of t}»e individual 
l«;.>r;.-s 19* of the sc^L-ond honeycojr.b l.-ns aj r.^j.-inont l3b. 
As a jr.i.;nlt Ihe pi. me Y of the luironous fil.v.vnt is i;-.,..j..d 
In the.pl,.j.e Y' of ihe .st-cond lj...i)..-ycoi.,b Ir-ns ai r.-n<j=:.:,..-nt 
15b aj.d ind* o-d individually in the indi vi d-.-.al Ic-nr^os 13' 
of Ilje uf-fO'jd hont2yco;-!b Ir-ns arr.-ingojji.rnt l?b, 

A field l<.'ns 20 is arr«ng,>d after the second honcyc-o.-b 
K-ns 19b and cooperates with the individual lenses 19' 
of the second honeycomb lens 19b to iir-aye the apertures 
of the individual lenses 19' of ihe first hbneycojrib lens 
arrangement 19a at, or in, an aperture 16. The beam path 
for this image formation is indicated in broJcen linos 
in the drawing. The iragijig of the Iximinous filament 14 in 
the various planes Y* and Y' • is illustrated in solid 
lines. 

As a result- of this imaging system the individual images 
of the apertures of th4 individual lenses 19' of the first 
honeycomb lens arrangement 19a are superimposed in the 
aperture 16 so that any irregularities in the illumination 
of the individual apertures are extensively erradicated. 
A completely homogenous uniform light bead is thus present 
in the aperture 16 the uniformity and light intensity of 
which is also independent of small displacements of the 
luminous filament 14 in directions at right angles to 
the optical axis 21.. . 

The elements 18, 19 and 20 thus form a honeycomb lens 
condensor system. 

The actual measurement beam path is then created downstream 
of the aperture 16 via a microobjective 15, a front lens 
13 and the retro-reflector 12. The region in which the 
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measurement takes place is located between the front lens 
13 and the retro-reflector 12 and is indicated by the 
reference numeral 22 • The light beam is schematically 
illustrated at 1 1 and radiates beyond a^ 1 sides of the 
retro-reflector 12 . 

The niicro-object ive 15 together with the field lens 20 
images the light source images in the front Idns at Y' 
and the front lens 13 in turn, together with the micro- 
objective 15, images the aperture 16 (P') at infinity 
(P'') i.e. substantially at the retro-reflector 12. 

The receiving device which completes the associated 
measuring means is only briefly indicated in broken lines 
at 23. Light reaches the device 23 via a beam dividing 
mirror 24 which is likewise only illustrated in broken 
lines. 

It will be appreciated that modifications can be made to 
the described arrangement without departing from the scope 
of the present teaching. It is for example contemplated 
that the preferred honeycomb lenses could simply be re- 
placed by equivalent arrays of individual lenses. 
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I claim: 

1. Optical measuring apparatus having a measurement light beam 
(22), a retro-reflector (12), a front objective (13) in 
which the image of a light source (24) is formed and which 
in turn, together with a microobjective (15), images a 
liniformly illuminated aperture (16) at infinity and where- 
in said aperture (16) is illiominated by a honeycomb lens 
condenser system (17) which includes a condenser lens 
(18) for rendering parallel the light received from the 
light source (14) and a first honeycomb lens {19a) arranged 
after said condensor lens (18) which, together therewith, 
projects light source images into the individual lenses 
(19') of a second honeycomb lens (19b) which is constructed 
to be of the same size as said first honeycomb lens (19a) , 
which renders parallel the light leaving points of said 
first honeycomb lens (19a) and which directs this light 
onto a field lens (20) which, together with the individual 
lenses (19') of said second honeycomb lens (19b) images 
the apertures of the individual lenses (19') of said first 
honeycomb lens (19a) in said first mentioned aperture (16) • 

2. Optical measuring apparatus in accordance with claim 1 
and wherein said first and second honeycomb lenses (19a, 
19b) are formed on a single honeycomb bilock (19) having a 
depth (A) such that said light source images are formed 
in the individual lenses (19*) of said second honeycomb 
lens (19b). 

3. Optical measviring apparatus including a condensor lens 
system (17) for substantially uniformly illuminating an 
aperture (16) in front of said system (17) with light 
received from a light source (14), a microobjective (15) 
cooperable with a front objective (13) to project an image 
of said uniformly illviminated aperture (16) of the 
apparatus at infinity thereby- defining a substantially 
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homogenous measurement light beam in the image space (22) 
of said ^front objective (13) measurement means (2 3) for 
effecting a measurement using said measurement light beam 
and wherein said condensor lens system (17) comprises 
a first condensor lens (18) for rendering parallel light 
received from said light source (14), a first lens array 
{19a) arranged after said first condensor lens (18) and 
cooperable therewith to develop images of said light 
source (14) in the individual lenses (19') of a second lens 
array (19b) of the same size as said first lens array 
(19a), said second lens array (19b) rendering parallel 
the light emerging from points of said first lens array 
(19a) and directing it to a field lens (20) cooperable with 
the individual lenses of said second lens array (19b) 
to image the apertures of the individual lenses (19') 
of said first lens array (19a) in the first said aperture (16) 

Optical measuring apparatus in accordance with claim 3 
and wherein said first and second lens arrays (19a, 19b) 
comprise honeycomb lens arrangements. 

Optical measuring apparatus in accordance with any one 
of claims 1 , 2 and 4 and in which the individual lenses 
(19') of said first and second honeycomb lenses (19a, 19b) 
are hexagonal with said individual lenses (19') lying 
closely proximate other individual lenses substantially 
without intervening spaces. 

Optical measuring apparatus in accordance with claim 4 and 
wherein said first and second honeycomb lens arrangements 
(19a, 19b) are formed on opposite sides of a block (19) 
of transparent material with the second honeycomb lens 
arrangement (19b) spaced from the first honeycomb lens 
arrangement (19a) by a distance (A) equal to the focal 
length of the first honeycomb lens arrangement (19a) , 


r 
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7. Optical measuring apparatus in accordance with any one 
of claim 1 to 6 and further comprising a light source 
in the form of a lamp filament (14). 


8. Optical measuring apparatus in accordance with any one 
of claims 3 to 7 and wherein said measurement means (2 3) 
includes a retro-reflector (12) positioned in the path 
of said measurement light beam (22). 

9. A condenser lens system (17) suitable for use in the 
apparatus of any one of the preceding claims. 

10* A honeycomb lens block (19) suitable for use in the con- 
denser lens system (17) of claim 9* 
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